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Abstract 



A ZnO crystal growing method having the steps of: growing a low temperature growth ZnO layer on a sapphire 
substrate at a temperature lower than a single crystal ZnO growth temperature; thermally processing the low 
temperature growth ZnO layer at a temperature near to a growth temperature of a high temperature growth 
single crystal ZnO layer higher than the growth temperature of the low temperature growth ZnO layer; and 
growing a high temperature growth single crystal ZnO layer on the low temperature growth ZnO layer at a 
temperature higher than the growth temperature of the low temperature growth ZnO layer. ZnO crystal of good 
quality with a reduced number of crystal defects can be grown on a sapphire substrate. 



Data supplied from the esp@cenet database - 12 



file://C:¥My%20Documents¥espacenet¥JP2001068485.html 



2004/02/19 



ms^^ff (jp) 02) §i !^ 1^ ^ ^ (A) iumf^mwms^ 

4^1^2001-68485 
(P2001-68485A) 
(43)^BB H yfK13^ 3 16H (2001. 3. 16) 

(SDinta^ OFJIB^ Fi ^••7a-^•(##) 

HOIL 21/363 HOIL 21/363 5F041 

33/00 33/00 D 5F103 



m^m^ m m^m.<omo ol 9 h) 





l|$B¥ll -245220 


(71)fflaA 


000002303 










<22)aiSB 


7JS1 1^ 8 ^ 31 B (1999. 8. 31) 




^t3K«BSK;+BII2TB 9#13^ 






(TDtUGIA 


594020031 








AS HA 








S«»«r&iff«aiBJtV-TB I « 1 ^ 














(72)1691^ 
























(74)«fflA 


100091340 



















(54) [|8Wa>«»l ZnOlSi&©«fi*S, Z nOttS«liSRt^*n*fflV»fc#»««e 



(57) 

jasj: 0 ts^v^ag-cffiia^^z no;iSr)««-ri.xs 

HirisffiiafiitAmiSftznoc^^^ajgiot^v^ 
iaST-^esffl^^ftmi^B^aZ n ofl^B^s-rsxefc ^-^ 




(2) 132 00 1-6 8485 (P200 1-68 45 



ISfiaffim^Z n Oiiit:. IffiEffija^ftmiSflZ n o 

fio^^rasi 0 1 i^v^ae-ciSias^Rm^B^z n oils' 

[fS*lH2 1 miiaffija^*Z n 0®S:Bg*-f SXS 
2 0 0*CA^^ 6 0 0*COig£0faJST'Z n omSB^aS^^R 
[if^^3] friei^iSfifc:R#ifeaz n 0^^:RiSSfc 

iBiSjSiOiasT't!fiEffi?ai£:Rz n o ^mmm-t^jim 
(±. 6 oo-c*»^>8oox:iT<02a]St:\ 2^i-raj&^^>6 
o^Bic7)iaj!!!a* fi^oxsr$>sM*^ 1 *3t»i2 

KOZ n Om^a<^^M:f3'A. 
[iS*«4 1 «irlE1SiaBfc:KZ n 0®2rB£«-r ?.XS 

{±. 

Z n U y ^56:^frT-Svffi^;R-r5XST'S>Sfg^ 1 

m^mSL&MZ n 0#^H^B«±tcm$iaJtSia«*Z 
n 0#^a« t S: -^tf Z n O SSfafiBt , 

[if^:s6] f!rle^s^a)^s;*znomfeB^BM{i. 6oo 

•C J; 0 ^^ffiv-iiaSfZ n O^^ft LtiMTh "9 s 

B?a«»afig*z n os^m^ma. itneifiia^ftz n 

1 0*>^>1 0 0ninrftl>fS^5Xti6trfea<^Zn 

IM«:«8] |!riaS?Mi«ZnO#^B%S«i. GaX 
{±A 1 S H-f>'i?^LJtnSC0#mtt^*-f-i.ZnOji 

315*^^.8 *Tc7)V^-ril*Hcl2SJ<?!)Z n OM^ffij^. 
[ft^JBlO] ^?-7r-f^S«h. 

ZnO#feftigt, 

^ffifS^ftZ n 0»^fBa±l=m^iXfe^?a^«Z n 

BoS^ilSBSftZ n 0*iea)l{i, G aXJiA 1 5- K-t 
>'^^tfcnMi7)^«eS^i.ZnOSfc. NSrH-tT 



[0001] 
[00021 

[ta!3lWSffil taf*. ZnO{±. RS (^i^'^^l-V- 

-frTV^Jt. Znfflcoy-Xi: tT«, K-fe;K iJ'jJ-F 
•fe>--fe;P) 4icDZnffl<?Dll<*:V— Xfrfflt^?.. OfflOV 

EC R^€:fflv^Tf&i$-li:Jt®§*7 . 
[0 0 0 3] #{3, RFSffll*->!tRF-MBEa«i. ^ 
m^-X±. at,-«W^riSjl?ft (13. 5 6 MHz ) 

XT-fcS Oa^y;^ fr^A-^S CI i: J: D O 5 S^Xf/W*?6 

±$-ti>. Oyi^:^Mt. MBE^+>->''?-|*I{C!!*:§ai 

K-fe;l^»ic>OZ ncob'— T W-\'*^t-|nI^lC 

[0004] I I —V I t^Jmi¥cO^*><7) 1 ^X'hhZ 
nO^ffl^-^T. p-n^-^Sr^tfLED (L i ght 
Emitting D i o d e ) -^LD ( L a s e r 
Diode) m<^^Wmm.^'^m-h UtifiX-^h. 

[0005] LED-^LD^i|^^#f*^aSrmjS-r2.^ 

[0006 ] 

y-x ) - M B E*$-fflv^-cif7 r ^rSK-tlciSS* 

-r=Sr;b*>, i?-7r-f-\'*«i;ZnOi:cot&?^<73ll 
(J&^^^OSXw^j&il^jl 8%) *<:^#v^. Jiii.T 

[0007] ^^mZn Om^^\,Z\,i§^< COiSa^fi 

[0 0 08] m8i,z-^yr-^^r ( ooo i ) 

Z n O (0002) Sga5rii:S^*Sii:Jt:^-^<0. Z n 

JSI^Sr^-r. ZnO*g^B{±, RS-MBE&tciO^S.* 
SS: Tg = 6 5 0*C. ZniOrS^E: P,„=1X10-'' 
To r r. ^COoTi*: 02 = 2 SCCM. RFffi 
: 3 0 0 WiO^t'^^^LJt. 
[0009] XKCff)m^^^:^ht^ Omega** 
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17. 5m'i-3fitct:-^'3SJe^^-5.«ta'iEM^J-^coft 
ll*«SS9§iTJt. ¥ffiiti (FWHM) (±0. 5' (18 
OOarcsec) i:;^l^^(i^*L;t . MScnm^ 

[0 0 1 0] [19{:, ±ticr>^mztS\'>r!SM:LfzZn 
OM^?:. PL (jPhoto L.uininesenc 

5\5cOX:tvUii^--C'*).|. . X^>;U^- 3 . 3 5 e V^jfitC 

7t. PL<0fcr-^'x^-;U=Jr'-<fi<4, Z n 0<DSI$iJ^itS 

(3.3 e V ) tim-^-t^ . mm.^tmm.i'^k 

[ 0 0 1 1 1 i: LT 1 . 8eV*»^>2. 7e 

[0 0 12] :^^mcommi. ^yr-^^rm^±i,z^M: 
^tli> Z n oi^^B<r)^^Bxm^imL. ft«^Z n 

[0 0 13] ^%m(^mcom^i±. ^yr^^'^±l,z 
[00 14] 

[MSS:S?i*-r'l.^ci6c7)#g] *:^j<o-a^tcj:n. 
{f . 7 r -^SflLhtc. mm^aZ n 0<7)««ae J: »3 
ti£V->aKT{SafiE;RZnOjl^fi6;:^-r§XSi:. MB 
mSi^^Z n Oi7)Bg;Rja^J; 0 i,lSV^ffiiS^;ft#^B^BZ 
n O«tf0Bg*iaKi: |B)gS(:OiajgT'Hf|iBtSlS^*Z n O 
eSrf^Sra-raiSi: . B>ifEffiiajS«ZnOe±fc. b5 

ieffi?s^**-^sz n oo^:RaK<t •) t;sv>2gtKTi^ 

?a^*#ttH^BZ n OJl^fi£*-^-SXSi: 5-#tf Z n 
[00 15] 

[001 6] Ni, 3|s:^Si«4'tctJVkT^^Six^ r^iS 
)Jt:RZnOC0^:^iaSj h{4, ^J;i«f2 0 0-C*-^>6 0 

o-csjE«o. —^mzznom&^B^m^-t^f^zibcom 

^B^-ReomiJ: 0 1 1 0 0'C*><i>4 0 0X::SJK<Kv^?ajg 

-ffi»<H3z n oa^m&t:^^-r?>mizmLfz&*is,mT 

h 0 . ±Mt<r> r <£ia^*Z n OO^^^SS J J: 0 tie 
<, 36»o. 8 0O'CJ:'?t<Sv^iaje'Cj>»), 0«i.»f6 5 

0*CT'$>'&. 

[0 0 17] iai*'^ll3*TS:#glL-C. *^BBc?)m 
-fOliSfi^J^Sfc: J: «. I I - V I fiHb-&!|«!)^f*3^H^B<0 



[oolsiaitci i-vm-fk-^ifi^ftaSAiOjiJt 

- {KS-UBE.) ^^m^tZ^i^^mm. (feiT TR 
S-MBEiilSj tV-io. ) 

[0019] RS-MBEggA{±, ifea^B^^A^'^ri^ix 
v.'N' 1 fc . ^+ WN' 1 Sr«i^*Stt.®tcffi-:>a^ 
;Kvr P i: 2r-i-tr, 

[0 0 2 01 f-vy^-N' Hi. ZnSrlS5l$-l*-|.!ti6WZ 
nffl,-K-b Ilk, O^i/'^/l'JrHSStt'S/iS^tTJO^i^' 

*/U5l^-h3 IkSr-t-tf. 

[002 1 ] Znffl;K-b 1 1(±. Zn (iiEjg7N) S 
^1 5$:lRS-r^i:i:*>lcai]^- W^^^h^:!' ?^~^>' 
■fe/U (Knuds e n cell: tJlTK-fe;Pklif 

[0022] o^'j:^)v^^- h 2 i^mMSiMmn 

tzM«Xf^-C-35^SJ«;<fX=Sr^AL, ^J3^ (13.5 
6MHz) ^m^^X^!&LtzC)'7>'t)JV^^ MBE^-v 

w< 1 (*ii3i«ai-r -1. . o^=j^)i'<r>\L—Mzni'X:^ o 

[0023] N7->*?5'/l'^- h 3 1 liliffija:!!^!^ 

tzmn:i(f^xh^m.m^'^^mxL. mm^ (13.5 

6MHz) Srfflt^T:±^L7^>:N5i^;<';l'$-s MBE^-v 
y/^lf^lzma-t^. Nyi^:>f;/U(r>'t'~MzMLX>'^ 
>7^'-S3*«iatti5iiTV'>S. 
[0024] ^i^'^/I^'-K- h 2 1 , 31 OlSitt LT 

[0025] ^^y-f< 1 mzii. ^B^^ftiOTifei;^^ 

4. Hf7r-Y-\'S1SSi0iaS{4ISl«^5tc<}:'>-ca!)^^ 
mX'^^. S;K*;py-3co{4«{±, 

bi 1^-:? 7 1= ioT^Sj^igTft & . 
[ 0 0 2 6 ] f-^ y^N' 1 ti. «ft Lfzl^^BM 2:*- 5"J 
>';?^-r-g.:ti^tcS(tA.nf^RftfS^Il]Sf^g (RHE 

5kS:^tf. RHEEDSIS60;«y>'4 1 kRHEEDg 

(«:ftS, «ftL.7t:*§B%il<7)a) •Sr^:::^^' 

[0027] m^^<^^. m^^mcom^ , i-c 

[0 0 28] mrtC, ■y-^T'f-VS^SitC, ZnO^ 
[ 0 0 2 9 ] ^a%B£ftl4R S - M B EStc ct 0 :5' 
[0030] ^i^A;vv-:^i:^^^-^?>:fjmt LX 

{±. RF2-fflV^JtRF-MBE&*ifflV^^>ix4. 13. 
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5 6MHziOS;S&5rfflV^-C. M^tiWSMzmn:^ 
Xffc h Oi S-^A-f S CI fc I- i •? O 5 -JA}i'i:^^-t 

s ±cp^tcBisfr & c: k i 0 . z n omw^ 

[ 0 0 3 1 ] 02 fc, 2(i:5l*S£Of^®t i 

[00 3 21 ^f7r-<^ (000 1 ) *^S±tC, Zn 
OyN'./7r-ill 0 1?rJB«L. J-^yyT-MlO Ico 
liZZ n OcomiSfiiS 10 5 . 

[0033] OTtc:. ±iaia2<0flBi5rf^«-rSf>:«>O 

[0 0 34] -r^r-f-^iSRSitc, ffiv^^;RS 
Jg-C% Jti^oZ n y y^co^f+t'iJV^TZ nO$rR£*$Hi- 

ia^*ZnOJiC0^ffi*<^iB-fl:-r?,. ClilCJ: >y7 
T -a 1 0 1 . -eO±tCZ n Oma^aS 1 

0 5^^«i-'5. 

[0 0 3 5] >'-<-y7r-;il 0 Hi. ■9-7r'f^««S 
i: z n o^ite^ 1 0 Sii<r>m)i^^m<r>rk^^j:'fix 

V. z.tihi.z^'i-hznom^&m i o s^^m^ 

[0036] 0313. AFMS (At omi c For 
ce Mi croscopy) StCiOaSOtJtZnO 
yr—M 10 1 co*®4ft®5'^-f . 

[ 0 0 3 7 ] H3 ( a ) (iZ n 'J •/-?-0^m-*5l/'>T^ 
*$-l!:Jti^<0A y7T-Jll 0 1<0*B^. 03 

( b ) tiOU /^c^J^mctei^T^^S-tirJt^WN'-y 
7 r — ii 1 0 1 fiO^® Sr^T . . 

[00 38] ZnU'yf-COZnOMStJi. ZnOi., 

[0 0 3 9] ZnO<7)y^••y7r— Ml 0 1 SrZnU yf- 

'SrfiK^^-Cjg;^ L7t%& t , Z n U -y ^^rfiR^^frt' 

[0040] OTIC. J: OP^^r^0%^:ft:^rSSr'J^-r. 
[004 1] -9-7r-<^^SiO (00 01) Bz:, 1 
1 0*ClCjn*^t3tH3PO4 : H2S04=1 : 3<7)J§J8[4> 
T6 0 ^i--^ X x h X -y :/2rif p . 

[0042] ±st<rmm^i'^-^fzm. ^yr^^m 



[0043] ««2ajS550*C, K?g<0SiaSr2SCC 
M, RF^^•'7-^l SOWCO^ff^Tt', MBEJIS^'l:! 
*3l^T lB#rag9gr7X-7t;:J:^«BMS2rfir-57t. M 
B E^ai*l tcfcv 7 r S <7>aB?:J5!ia-r S 
^fcfciO. 1>-7T>f-^SfliiS^BA*«?tfl:^^tS. 

[0044] ±iB<^S«i^BMa<0^. ^-r^N' y 7 r- 
® 1 0 1 SrBStft-rS . ii^iO#iSaZ n 0««[<7)^*^ 
fl=tS'5:0ffiffi*»-:>Z n -yf-iO^TTso^^Srtf 3 

(®za^:RZnOa) . ZnODb'— 2.7X1 
0-7 Torrt-ftS. 

[ 0 0 4 5 ] SSgt'-AOffifSiSi: tTOcORFr^X 
■7y-X5-fflv>-5,. O^y;*/^-^— h2 l^zWrnM (i^ 
®6N) ;<f;^2rSIAL. ^Jijft^SiS2rfflV^T7i^';<?/l' 

[0046] ifXV-XX'ihh^m<^mSL\i. ^A- W< 
-[^iO®!^cO:}i-Ei: ttSfiil - 5 SCCMlrfcV^T 5 
XlO-s To r r, RF>'N'V— (±3 0 0WC-S)S. ^ 
;SaK{±3 0 O'C**'^ 6 0 0*CO3iffl-ClTa . ^^'•y 7 r 
— BcoJS^^ti: t-CJi, 1 OiJ^h 10 0 nmWffifflffc 
^. 

[0047] CJl-C, ±l£i7)E:J30il{i. 

[0048] 04iC. a«iaKTgS:650-Ctt!^c« 
-&COZ nfO^E ( P z n ) i:««i»9[k<Ol8«*iirr. 
N2<7)^£ESr2 SCCM. RFffi^J^S 0 OWk Lit. 
ZnOtJJ-ffS-l. 3X 1 0-7TO r r*^A>2. 7X10 

[0 04 9] Zn£7)ii-S$:l. 3 x 1 0-''T o r r *^(c> 
2. 1 5X 1 0-TTo r riT'tiaa$-1i:i)i:. ZnO<7) 
^^R^iS. 0. 1 0Atin/hr*>^0. 2 6^m/h 
rtTliJD-r^, Zn«0^E*«2. ISXlO-'Tor 
rA»^)2. 7x 1 ©-■'To r r ^T'iOEHTtfOZnOO 
^*iIjK<i. 0. 2 6;Ltin/hr*»^0. 2 7Am/'h 

[0050] ffi?gR£*L:tZnO-'N'-y7r-S5:«*L 
/N' y7r-/liO^B<^¥ffl'ft:i!!!a$-tT3. Tll-ft; 

5 0*Ctc*JV>T2:5i^*»'^6 0:}}-raiT'WP^«OSS^a* 
fSv->^:R^-C^«Sr»;t;ti5iafi£:i:ZnO>'<-y 
7T« 1 0 1 ■&#^a-C. #^^1/^ 

thft^. ±f,z^(r>'/u^y^(r>%lL^i,zm^LXf^FU 

[005 1] ^^^Z n OJ<-v 7 TiltC±fH^Ogi33lIl 

■i x^--^'itLxmm^:^m.-{t-r^i><7)t^t h 

[0052] #{CZ n >J y^iO^frrmS^-lf^vrJ^t- 
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n O^*^ -y 7 T-ii«0±lCiSia-eZ n O® S:^:S-ri> t . 

2 0 o'c^^^e 0 ox:<7)^*>*ijfi lv*. 

[0054] {Sae^^RZ nOv'C-/ 7 riiti. ^StJt* 
^ (as-grown) W«SSTii:/^ -i ^^-i Xm^ 

0lZi>M.x.h. Lt^h^J:ifih. XiUlIlSf^RHEED^ 

[0055] G a N-«?>Z n OX'<r>^^l,Zii 

v^-rS^^ixS. ffiiafi£:^ZnO^N'-y7T®^iS;aaWia 
C 1 i •? > e*^t=jS&r-S.Dnfl*«BHf 

. Tfi-C'^V ^ Z n O^EJiIC#.^b^bZ n O L j: 

[00561 <5i:V^-C¥ffl<lititifiia««Z n 0>'N' V 7 r 
jS±tZnO<omi^S (iSfi^SZnOmMSa) 

[00 57] ««lSLK650*C. Zn (7 

N)c^b--AS8. OX 1 Q-STo r rT-*>^, gtStfO 
^Ek LT^2. OSCCMtCtJV^TSx 1 0-5 T 

orr. KFnV^\t3 0 0y^X'hh, 

[0058] mkl^tzmw&^z v.OM^lvM(nW.^\± 

[ 0 0 5 9 ] i^, «^ftZ nOm^&Mffi^^^nh 
UTti. 6 0 0'C*»'?>8 0 0'Ci0|SIf0ia]gT. 2^i'IBI*'> 

[00601 ±ie<JD^f^t:'^;g;&Hi^it^^WlSzS^*Z 

[006 1] 135 (i, xRc\,ziihm^m^'Qhz>. 

[0 0 6 2] b'-^ffi{i, 17. 3 5.' tmicrmt a 
k^t'|S|t-C^)-&. #Mgfi. 0. 06- (216ar 
c s e c ) TJbS. 08t::^:?ixi.fs!*«O^f+T'^ftL 
/i*^^0ZnOi7)^11ili (0. 5° ) kJii^tT. 

i/stc^iJ'^L:^^. ^W^<r>izWk^mt. ffiiS 
^:RZnOyN* v7r-Q«:Sft. -^-O^H^O^ffl 

Z n om^SeSr^SLitC k J: ^©«aj£*Z n O* 

[ 0 0 6 3 1 06 fe:. ±E<OZ n O^eSSOP LX'^ 

[0 0 641 3. 3 5 9 e V t^V^b--:;'*^ 

Sffl^iXJt. ®Sfft«ZnO.'s'y7r-«*«=5rV»:bc®-C' 
fiJt^L/iZ nO*^fB^0i*^tc (09 ) fSM$ix^>: 1 • 
8 e Vii^h 2 . 7 e V#3fiic*>ttT<7)^^^t=7'a- H^f 



[0065] Z n 0*Sa4>{C^< tf0^faXPl5*^^A$iX 
&k. ^^%$:^AL^:V^W-fcV>Tt, 3Sv>nSco 

fio^s«ft:*ra(c i t;t z n o*Ma-c{iaii 

rfcoit P Si^^ttSr^-rz n O c: k 

cok^;^^^!!). 

[00661 LTN^ H-trv^^titZ n OS: 

i^bLXm^^fzP-nm^r-^-Yi'^tsL.ED (J^ 
i g h t Em itting D_iode) Sr^-f * 

^k*^'^Sg-C'ftS. 

[0067] 07tc. NH-r<0ZnO?:pM^*k 
LTfflV^, GaF-7*«0ZnOSrn®¥«f>|ckLTfflV^ 
;tp-nS!-&^^-3i— K?:^OLED (L i ght E. 
mitting D.iode) cr>\SimWiMi7f:^. 

[0 0 68] 07tC:^i-LED{±. -f^r^T^lRSO 

1 k . •?-<7)±C®jam;RS<x^^J?$ 1 0 Onm<7)y y V 
—ycDiSi^^^Z n OVN'-y 7 ra 3 0 5 k , -f-COit^^ 
«$ix/c/i-$ l/imOnS (Ga h'-7*: ixlOi^c 

m-3 ) isiafiR;ftz n om^&ms 1 1 k . -e^oitJ^Bg 

$^tJ1$1 0 0 nmC0NH-7'OpS<0^iafig*ZnO 
m^^uMS 1 5kSr-&tf. 

[00691 iJeiOnSZnOJiS 1 1{±. ^1^3 

2 1k3>'^:5'h$nT<.^-i.. 

[0 07 01 nSZnOji?:?^^-rS-'i*6t::(i. GaO 

[0 07 11 N K— rcopsznoas 1 summzm 
x$tix\'^^. &mzMx^nfzpmznom3 1 5 

f±, S i3N4*>/i>^rS3teMilBl3 1 8t: J: OtlfelS^ 

tl^. pSZnOS3 1 5cOJiS5«ffiW±, M;c.{fll&n 

jgio^p*>'je^M3 1 8£S3iL-rjB^sni.. 

[00721 pMZnOa315 OiB^iagPit-. U 
y^^j^t^m 2^325 fXS . U y i5^«<7)IS 2 

^cr>Tm(7yJ'-^<kh—3i}^pmZnOm3 1 
5iO±^^®<?)jSmg|5k«fi!H-|.. i;y^^4^tOl|2«fig 
2 3 5<7)miT\^9\-:f3<Dmmi. teMfcJKS 1 Sit^aiOi 
IfAc^jtk^oTV^S. 

[00731 ±mcommizn\.^x . mi^32 ii^M 

Llg2«fiifc:7-5;^omES:EPJD-tl.k. p-n^lc 
mfjJ^nMiJ^mit . pSZnO®3 1 54't3aA2ix 
Jt^i'-^^-vUT (S^) kpSZ nOJI3 1 Stt'O^SC 
^^'JT (jE?L) k^^'^^fettOBSS^^-rs. «^^kIE 
TLksOUfS-^OlglC, t5SmiSI=^i0i:r-;Udf-^^r>y7* 
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[0074] ±mcommzx o . led(7)>j v^^<m. 

2^2 3 StfOran*-^. mUtMiL LT*!j3 7 0 n 

[00 7 5] i^, i!^Vi<rmJ§iiZii\^X\i.. pMZnO 
iitn^ZnO^ltOp - nif -&$rfflffl L^C^^t:^^ 
Ofiaii: tTLEDt'-:><,^Tl8BBL.!'"s:3!J«. pfflZnOJi3 
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♦ NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The process which grows a low-temperature growth ZnO layer at temperature lower than the growth temperature of a single 
crystal ZnO on a sapphire substrate, The process which heat-treats said low-temperature growth ZnO layer at temperature 
comparable as the growth temperature of an elevated-temperature growth single crystal ZnO layer higher than the growth temperature 
of said low-temperature growth ZnO. The ZnO crystal growth approach including the process which grows an elevated-temperature 
growth single crystal ZnO layer on said low-temperature growth ZnO layer at temperature higher than the growth temperature of said 
low-temperature growth single crystal ZnO. 

[Claim 2] The process which grows said low-temperature growth ZnO layer is the ZnO crystal growth approach according to claim 1 

which is the process which grows a ZnO single crystal at the temperature between 200 degrees C and 600 degrees C. 

[Claim 3] The process which heat-treats said low-temperature growth ZnO at temperature comparable as the growth temperature of 

said elevated-temperature growth single crystal ZnO is the ZnO crystal growth approach according to claim 1 or 2 which is the 

temperature from 600 degrees C to 800 degrees C, and is the process which performs heat treatment for 60 minutes after for 2 

minutes. 

[Claim 4] the process which grows said low-temperature growth ZnO layer — Zn — the ZnO crystal growth approach given in either to 
claims 1-3 which are the processes which carry out vapor growth on rich conditions. 

[Claim 5] The ZnO crystal structure containing a sapphire substrate, the low-temperature growth ZnO layer single crystal layer to 
which it was formed on it and surface flattening processing was performed, and the elevated-temperature growth ZnO single crystal 
layer formed on said low-temperature growth ZnO single crystal layer. 

[Claim 6] Said low-temperature growth ZnO single crystal layer is the ZnO crystal structure according to claim 5 which is the layer 
which is a layer which grew ZnO at temperature lower than 600 degrees C, and grew at temperature with it. [ said elevated- 
temperature growth ZnO single crystal layer higher than said low-temperature growth ZnO layer and and ] [ lower than 800 degrees C ] 

[Claim 7] The thickness of said low-temperature growth ZnO single crystal layer is the ZnO crystal structure according to claim 5 or 6 
which is 10 to lOOnm. 

[Claim 8] Said elevated-temperature growth ZnO single crystal layer is the ZnO crystal structure given in either to claims 5-7 which 
are the ZnO layers which have the conductivity of n mold which doped Ga or aluminum. 

[Claim 9] Said elevated-temperature growth ZnO single crystal layer is the ZnO crystal structure given in either to claims 5-8 which 
are the ZnO layers which have the conductivity of p mold which doped N. 

[Claim 10] A sapphire substrate and the low-temperature growth ZnO single crystal layer to which it was formed on it and surface 
flattening processing was performed, Said elevated-temperature growth ZnO single crystal layer is a semiconductor device which has 
the p-n junction of the ZnO layer which has the conductivity of n mold which doped Ga or aluminum, and the ZnO layer which has the 
conductivity of p mold which doped N including the elevated-temperature growth ZnO single crystal layer formed on this low- 
temperature growth ZnO single crystal layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor device which used a ZnO crystal, its growth approach, and it 
[0002] 

[Description of the Prior Art] the former and ZnO — RS(radical source)-MBE — it was made to grow up directiy on a sapphire 
substrate using law As the source for Zn, the solid-state source for Zn in K eel (Knudsen Cell) is used. The oxygen radical which 
generated the oxygen gas which is the gas source as the source for O using RF or ECR is used. 

[0003] RF-MBE using RF especially — the most general RF (13.56MHz) is used for law on the commercial base. O radical is generated 
by introducing 02 gas which is material gas in the electrodeless discharge lamp in an MBE chamber. O radical blows off in an MBE 
chamber, and serves as a beam of O radical. A ZnO thin film is grown up by irradiating the beam of O radical, and the beam of Zn from 
K eel on a sapphire substrate at coincidence. 

[0004] Semiconductor devices including p-n Juncti'on, such as LED (Light Emitting Diode) and LD (Laser Diode), can be manufactured 
using ZnO which is one of II-VI group semi-conductors. 

[0005] The crystallinity of the semiconducting crystal ingredient which constitutes semiconductor devices, such as LED and LD, has 
serious effect for the electric property of a semiconductor device, an optical property, and the dependability (component life) of a 
component. Optical and electrical characteristics, and dependability of a semiconductor device become good, so that the crystallinity of 
the semiconducting crystal ingredient which constitutes a semiconductor device is good. 
[0006] 

[Problem(s) to be Solved by the Invention] conventional RS(radical source)-MBE — there were the following troubles in the ZnO 
crystal directly grown up on the sapphire substrate using law. That is, the difference (the mismatch of a lattice constant is about 18%) 
of the lattice constant of a sapphire substrate and ZnO is large. In addition, the big difference of 2.6 times exists also in both 
coefficient of thermal expansion. 

[0007] Many crystal defects are introduced during the ZnO crystal after growth. 

[0008] XRC (X-ray rocking curve) of a ZnO crystal at the time of growing up a ZnO (0002) crystal into drawing 8 directly on a sapphire 
(0001) substrate — the measurement result by law is shown. A ZnO crystal is the partial pressure of growth temperature:Tg=650 
degree C and Zn by the RS-MBE method :P zn=lx10-7 Torr. flow rate:02=2 of oxygen It grew up on condition that SCCM and RF 
output:300W. 

[0009] when the measurement result of XRC is seen. Omega has peak intensity near 1 7.5 degrees — the curve of normal distribution 
was obsers/ed mostiy. Half^value width (FWHM) showed 0.5 degrees (1 SOOarcsec) and a big value. From the measurement result of 
drawing 8 , it became clear that the crystallinity of the ZnO crystal which grew on condition that the above is not good. 
[0010] the ZnO crystal which grew up to be drawing 9 in the above-mentioned conditions — PL (Photo Luminesence) — the result 
measured by law is shown. An axis of abscissa is the outgoing radiation luminous energy of PL. Near energy 3.35eV. reinforcement is 
high and the always narrow sharp peak of half-value width was observed. The peak energy value of PL is mostiy in agreement with the 
forbidden-band width of face (3.3 eV) of ZnO. It is understood as it being a luminescence peak resulting from the recombination of the 
electron between a conducting sleeve and a valence band, and an electron hole. 

[0011] It applied near 1.8eV to 2.7eV as energy, and the very broadcloth peak was also observed. This broadcloth peak is understood as 
the thing resulting from luminescence between the deep levels which exist in a forbidden band. It suggests that many crystal defects 
exist during a ZnO crystal. 

[0012] The purpose of this invention is offering the crystal growth approach of reducing the crystal defect of the ZnO crystal which 
grows on a sapphire substrate, and growing up a good ZnO crystal. 

[0013] Other purposes of this invention are offering the semiconductor device using the ZnO crystal and it which grow on a sapphire 

substrate. 

[0014] 

[Means for Solving the Problem] The process which grows a low-temperature growth ZnO layer at temperature lower than the growth 
temperature of a single crystal ZnO on a sapphire substrate according to one viewpoint of this invention, The process which heat- 
treats said low-temperature growth ZnO layer at temperature comparable as the growth temperature of an elevated-temperature 
growth single crystal ZnO layer higher than the growth temperature of said low-temperature growth ZnO, The ZnO crystal growth 
approach including the process which grows an elevated-temperature growth single crystal ZnO layer on said lowtemperature growth 
ZnO layer at temperature higher than the growth temperature of said low-temperature growth single crystal ZnO is offered. 
[0015] 

[Embodiment of the Invention] With reference to a drawing, the gestalt of operation of this invention is explained below. 
[0016] In addition, "the growth temperature of the low-temperature growth ZnO" defined in this specification is the temperature lower 
about 400 degrees C than temperature with a crystal growth [ for generally growing up a ZnO single crystal ] of 200 to about 600 
degrees C from 100 degrees C. "The growth temperature of an elevated-temperature growth single crystal ZnO layer" is the growth 
temperature for which it was suitable when growing up a ZnO single crystal generally, and is temperature [ higher than the above- 
mentioned "growth temperature of the low-temperature growth ZnO" and ] lower than 800 degrees C, for example, is 650 degrees C. 
[0017] From drawing 1 to drawing 3 is referred to, and the II-VI group compound semiconductor crystal growth approach by the gestalt 
of operation of the first of this invention is explained. 
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[0018] drawin g 1 — as an example of II-VI group compound semiconductor crystal growth equipment — radical source molecular-beam 
epitaxy (RS-MBE) — the crystal growth equipment (henceforth "RS-MBE equipment") using law is shown. 

[0019] RS-MBE equipment A contains the chamber 1 to which crystal growth is performed, and vacuum pump P which maintains a 
chamber 1 at an ultra-high-vacuum condition. 

[0020] A chamber 1 includes the port 1 1 for Zn for evaporating Zn, O radical port 21 for irradiating O radical, and N radical port 31 for 
irradiating N radical. 

[0021] The port 1 1 for Zn is equipped with heating, and Knudsen cell (Knudsen cell: call it the following K cel.) 17 and shutter SI to 
evaporate while it holds the Zn (purity of 7Ns) raw material 1 5. 

[0022] O radical port 21 introduces the oxygen gas which is material gas in an electrodeiess discharge lamp, and spouts O radical 

generated using high frequency (1 3.56MHz) in the MBE chamber 1 . The orifice S2 is formed to the beam of O radical. 

[0023] N radical port 31 introduces the nitrogen gas which is material gas in an electrodeiess discharge lamp, and spouts N radical 

generated using high fi^equency (1 3.56MHz) in the MBE chamber 1 . The shutter S3 is formed to the beam of N radical. 

[0024] It is the structure where the induction coil is wound around the outside of the discharge tube prepared within outside shielding 

as structure of the radical ports 21 and 31. 

[0025] In the chamber 1 , the substrate electrode holder 3 holding the sapphire substrate S used as the substrate of crystal growth and 
heater 3a for heating the substrate electrode holder 3 are prepared. The temperature of the sapphire substrate S is measurable by the 
thermocouple 5. The location of the substrate electrode holder 3 is movable by the manipulator 7 which used bellows. 
[0026] A chamber 1 contains the gun 41 of a reflection electron line DI contact sense nonHsolated (RHEED equipment) established in 
order to carry out monitoring of the grown-up crystal layer, and the screen 55 of RHEED equipment It can grow up using the gun 41 of 
RHEED equipment, and the screen 55 of RHEED equipment, carrying out monitoring of the situation (an amount of growth, grown-up 
quality of a crystal layer) of the crystal growth within MBE equipment A. 

[0027] The temperature of crystal growth, the thickness of the crystal growth film, the degree of vacuum in a chamber, etc. are suitably 
controlled by the control unit C. 

[0028] Below. ZnO is explained on the sapphire substrate S at a detail about the process which grows. 

[0029] Crystal growth is performed by opening and closing S3 suitably from a shutter SI by the RS-MBE method. 

[0030] If it considers as the approach of generating the radical source, the RF-MBE method using RF is used. O radical is generated 

using 13.56MHz high frequency by introducing 02 which is material gas in an electrodeiess discharge lamp. By making O radical blow off 

in the MBE chamber 1 of a high vacuum condition, it becomes O radical beam. A ZnO thin film is grown up by irradiating O radical beam 

and Zn beam from K eel on the sapphire substrate S at coincidence. 

[0031] The outline of the semiconducting crystal structure by the gestalt of this operation is shown in drawing 2 . 

[0032] The ZnO buffer layer 101 is formed on the sapphire (0001) substrate S, and the single crystal layer 105 of ZnO is formed on the 
buffer layer 1 01 . 

[0033] Below, the process for creating the structure of above-mentioned drawin g 2 is explained briefly. 

[0034] First, on the sapphire substrate S, it is low growth temperature and ZnO is grown up in Zn Rich's conditions. A temperature up is 
carried out to the usual growth temperature which was suitable for carrying out single crystal growth of the ZnO where an oxygen 
radical is irradiated. This condition is maintained about 20 minutes, for example. The front face of a low-temperature growth ZnO layer 
carries out flattening by elevated-temperature heat treatment. Thereby, the buffer layer 101 is formed. The ZnO single crystal layer 
105 is grown up on it 

[0035] The buffer layer 1 01 eases the grid mismatching resulting from a big gap of the lattice constant between the sapphire substrate 
S and the ZnO single crystal layer 105, and the difference of a big coefficient of thermal expansion, and prevents installation of 
distortion into the ZnO single crystal layer 105 resulting from these. 

[0036] drawin g 3 — AFM — law (Atomic Force Microscopy) — the surface state of the ZnO buffer layer 101 observed by law is shown. 

[0037] Drawing 3 (a) shows the front face of the buffer layer 101 when drawing 3 (b) grows up the front face of the buffer layer 101 at 
the time of making it grow up in Zn Rich's conditions in O Rich's conditions. 

[0038] Zn Rich's ZnO crystal is a crystal with which x is contained at a rate smaller than 1 in ZnO 1-x. 

[0039] When the buffer layer 101 of ZnO is grown up in Zn Rich's conditions, it turns out that the surface smoothness of the front face 
of the ZnO buffer layer 101 improves compared with the case where it is made to grow up in O Rich's conditions, moreover, oxygen — 
the case where it grows up on rich growth conditions — Zn — also when it grows up on rich growth conditions, the grown-up low- 
temperature growth ZnO layer is considered to be the single crystal with which a grain boundary exists. 
[0040] Below, the more detailed crystal growth approach is shown. 

[0041] Wet etching is performed for 60 minutes in the solution of H3P04:H2SO 4= 1:3 which heated the field (0001) of the sapphire 
substrate S at 11 0 degrees C. 

[0042] After performing the above-mentioned surface treatment, the substrate electrode holder 3 ( drawing 1 ) is equipped with the 
sapphire substrate S. 

[0043] The substrate temperature of 550 degrees C and the flow rate of oxygen were set to 2SGCM(s), RF power was set in MBE 
equipment under the conditions of 150W, and surface treatment by the oxygen plasma was performed for 1 hour. A sapphire substrate 
S front face is defecated by processing the front face of the sapphire substrate S in MBE equipment. 

[0044] The buffer layer 1 01 is first grown up after the above-mentioned substrate surface preparation. Unlike the growth conditions of 
the usual single crystal ZnO substrate, growth under low temperature and Zn Rich's conditions is performed (low^emperature growth 
ZnO layer). The amount of beams of Zn is 2.7x10-7. It is Torr. 

[0045] RF plasma source of O is used as a source of supply of an oxygen beam. Pure oxygen (purity of 6Ns) gas is introduced into O 
radical port 21, and it radical-izes using the source of a high frequency oscillation. 

[0046] It sets to flow rate 1 .5SC0M as a partial pressure of the oxygen in a chamber, and the flow rate of the oxygen which is the gas 
source is 5x10-5. Torr and RF power are 300W. Growth temperature is performed in 300 to 600 degrees 0. As thickness of a buffer 
layer, it is the range of 1 0 to 1 00 nm. 

[0047] Here, the value of the above-mentioned pressure shows the indicated value of the nude ion gage attached in the substrate 
electrode-holder location (growth location). 

[0048] The relation between the partial pressure (Pzn) of Zn at the time of making substrate temperature Tg into 650 degrees C at 
drawing 4 and a growth rate is shown. The partial pressure of N2 was set to 2SCCM(s), and RF output was set to 300W. The partial 
pressure of Zn was changed from 1.3x10-7Torr to 2.7x1 0-7Torr. 
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[0049] If the partial pressure of Zn is made to increase from 1.3x10-7Torr to 2.1 5x10-7Torr, the growth rate of ZnO will increase from 
0.10 micrometer/hr to 0.26 micrometer/hr. The growth rate of ZnO in the range from 2.1 5xl0-7Torr to 2.7x1 0-7Torr shows a value 
with the almost fixed partial pressure of Zn as 0.26 micrometer/hr to 0.27 micrometer/hr extent. 

[0050] After growing up the ZnO buffer layer which carried out low-temperature growth, flattening processing of the front face of a 
buffer layer is performed. In an elevated temperature into which a single crystal is grown up as flattening processing, for example, 650 
degrees C, heat treatment for 60 minutes after for 2 minutes is performed. The low-temperature growth ZnO buffer layer 101 which 
finished growth at low growth temperature is the single crystal which has a grain boundary, and is considered to grow epitaxially so that 
the anisotropy with each same grain may be shown. It is thought that irregularity which mainly originated in the grain boundary between 
the grain, and was seen by AFM observation was observed. 

[0051] It is thought that the single crystal of each grain carries out solid phase growth, grain size is enlarged and flattening of the front 
face is carried out by performing the above-mentioned heat treatment to a low-temperature growth ZnO buffer layer. 
[0052] Since the original surface Irregularity is small compared with the case where it is made to grow up on condition that oxygen Rich 
when it is made to grow up especially on condition that Zn Rich, the flat front face which was. excellent with flattening processing is 
easy to be obtained. If a ZnO layer is grown up at an elevated temperature on the iow-^emperature growth ZnO buffer layer which has 
the outstanding flat-surface front face, a good crystalline single crystal ZnO layer will be easy to be obtained. 

[0053] In addition, as for the temperature which grows a low-temperature growth ZnO layer, for 200 to 600 degrees C is desirable. 
[0054] In the condition [ having grown up (as-grown) ], since grain size is small and a grain boundary is observed, a low-temperature 
growth ZnO buffer layer looks also like polycrystal by AFM observation. However, when analysis by the X diffraction or the RHEED 
method is performed, the property of a single crystal is shown. 

[0055] This phenomenon is observed in growth by GaN or ZnO. By carrying out elevated-temperature heat treatment of the low- 
temperature growth ZnO buffer layer, it grows up like the case where the irregularity resulting from a grain boundary etc. is solid phase 
growth, and it is thought that a front face carries out flattening. Even if it is going to grow up a single crystal ZnO on the ZnO front face 
which is not flat, the crystallinity does not become good on experience. 

[0056] Subsequently, the single crystal (elevated-temperature growth ZnO single crystal layer) of ZnO is grown up on the low- 
temperature growth ZnO buffer layer which carried out flattening. 

[0057] Growth conditions are amount of beams 8.0x1 0-5TorKs) of the substrate temperature of 650 degrees C. and Zn (7Ns). It sets to 

flow rate 2.0SCCM as a partial pressure of oxygen, and is 8x1 0-5. Torr and RF power are 300W. 

[0058] The thickness of the grown-up elevated-temperature growth ZnO single crystal layer is 1 micrometer. 

[0059] In addition, as growth conditions for an elevated^emperature growth ZnO single crystal layer, it is the temperature between 600 
degrees G and 800 degrees G. and it is desirable to perform growth for 60 minutes after for 2 minutes. 

[0060] Grystalline evaluation of the elevated^emperature growth ZnO single crystal layer at the time of making it grow up on condition 
that the above was performed. 

[0061] Drawin g 5 is as a result of [ by XRC ] measurement. 

[0062] Peak value is almost the same as 17.35 degrees and the value of drawing 1 . Half^value width is 0.06 degrees (216arcsec). As 
compared with the half-value width (0.5 degrees) of ZnO at the time of growing up on condition that the former shown in drawing 8 , 
half-value width decreased to abbreviation 1/8. After sharp reduction of half-value width prepares a low-temperature growth ZnO 
buffer layer and performs flattening processing of the front face, it is understood as what originates on the crystal disposition of the 
elevated-temperature growth ZnO single crystal layer by having grown up the elevated-temperature growth ZnO single crystal layer at 
high growth temperature on it. 

[0063] PL spectrum of the above-mentioned ZnO single crystal layer is shown in drawin g 6 . 

[0064] The sharp peak was observed by energy 3.359eV. The very broadcloth peak applied near 1.8eV to 2.7eV which was observed in 
the case of the ZnO single crystal which grew in the condition that there is no low-temperature growth ZnO buffer layer ( drawing 9 ) is 
not observed. This is understood as what is depended on what luminescence from the deep level which exists in the forbidden band of a 
ZnO layer reduced. The crystal defect under ZnO crystal decreases and it is thought that crystallinity improved sharply. 
[0065] When many crystal defects are introduced during a ZnO crystal, the conductivity of powerful n mold is shown also in the 
condition of not introducing an impurity. The elevated-temperature growth ZnO single crystal layer which grew using the above- 
mentioned crystal growth method also has very few crystal defects. In the ZnO single crystal which grew by the conventional crystal 
growth approach, it also becomes possible to realize ZnO which shows the conductivity of difficult p mold. Since a crystal defect which 
forms the pin center,large non-emitting light is reduced sharply, it is thought that luminous efficiency also became very high. 
[0066] It is possible to realize LED (Light Emitting Diode) containing p-n junction DAODO using ZnO of Ga dope as a n-type 
semiconductor, using ZnO which doped N as an impurity as a p type semiconductor. 

[0067] ZnO of N dope is used for drawin g 7 as a p type semiconductor, and the cross-section structure of LED (Light Emitting Diode) 
containing p-n junction DAODO using ZnO of Ga dope as a n-type semiconductor is shown. 

[0068] The low-temperature growth ZnO buffer layer 305 of a non dope with a thickness of lOOnm by which low-temperature growth of 
the LED shown in drawin g 7 was carried out on it with silicon on sapphire 301, It is formed on it with the n mold (Ga dope: lxl018cm-3) 
elevated-temperature growth ZnO single crystal layer 311 with a thickness of 1 micrometer which grew on it. and the elevated- 
temperature growth ZnO single crystal layer 315 of p mold of N dope with a thickness of lOOnm is included. 
[0069] It is in contact with the above-mentioned n mold ZnO layer 31 1 with the 1st electrode 321. 
[0070] In order to form an n mold ZnO layer, other 3 group elements, such as aluminum, may be doped instead of Ga. 
[0071] The p moid ZnO layer 315 of N dope is processed in the shape of an island. The p mold ZnO layer 315 processed in the shape of 
an island is covered with the insulator layer 318 which consists of Si3N4. Opening of for example, an approximate circle form 
penetrates an insulator layer 318 in the up front face of the p mold ZnO layer 315, and is formed in it. 

[0072] The ring-like 2nd electrode 325 is formed on the top-face periphery of the p mold ZnO layer 315. A part of the inferior surface 
of tongue [ at least ] of the ring-like 2nd electrode contacts the periphery on the front face of up of the p mold ZnO layer 315. The 
part of the method of the outside of the direction of a path of the ring-like 2nd electrode 235 has structure which ran aground on the 
insulator layer 31 8. 

[0073] In the above-mentioned structure, if the electrical potential difference of plus is impressed to the 2nd electrode to the 1 st 
electrode 321, forward current will flow to p-n junction. The minority carrier (electron) poured in into the p mold ZnO layer 315 and the 
majority carrier in the p mold ZnO layer 315 (electron hole) carry out luminescent recombination. The light which has energy almost 
equal to the energy gap of a forbidden band in the case of the recombination of an electron and an electron hole emits from the 
aforementioned opening. That is. electric energy is transformed into luminous energy. 
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[0074] By the above-mentioned actuation* about 37Qnm light emits* for example as wavelength from opening of the 2nd electrode 235 

of the shape of a ring of LED. 

[0075] In addition, in the gestalt of this operation, although LED was explained as an example of the semiconductor device using the p- 
n junction of a p mold ZnO layer and an n mold ZnO layer, it is also possible to form a laser component combining the p mold ZnO layer 
315 and the n mold ZnOSH . In addition, it cannot be overemphasized that it is also possible to manufacture the semiconductor device 
which combined electron devices, such as FET and a bipolar transistor, other optical devices, and these combining the p mold ZnO 
layer 315. 

[0076] In addition, a semiconducting crystal and a semiconductor device can also be created with the 3 yuan system of the ZnO 
system containing a crystalline good ZnO single crystal, or the mixed crystal of a 4 yuan system. 

[0077] As mentioned above, although this invention was explained in accordance with the gestalt of operation, this invention is not 
restricted to these. Various process parameters of the conditions and others of crystal growth can also be chosen. In addition, it is 
obvious in this contractor for various modification, amelioration, combination, etc. to be possible. 

[0078] 

[Effect of the Invention] Crystallinity can grow the good single crystal ZnO on a sapphire substrate. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the sectional view showing the outline of the MBE equipment used for the crystal growth approach by the gestalt of 
operation of the first of this invention. 

[ Drawin g 2] The laminated structure of a sapphire substrate / low-temperature growth ZnO buffer layer / elevated-temperature growth 
ZnO single crystal layer which grew by the crystal growth approach by the gestalt of operation of the first of this invention is shown. 
[Drawing 3] the surface state of the ZnO buffer layer which grew by the crystal growth approach by the gestalt of operation of the 
second of this invention — AFM — the result measured by law is shown, (a) grows on condition that Zn Rich, and (b) grows on 
condition that O Rich. 

[Drawing 4] The relation of the growth rate of an elevated-temperature growth ZnO single crystal layer and the partial pressure of Zn 
in the growth temperature of 650 degrees 0 is shown. 

[Drawin g 5] XRC of the elevated-temperature growth ZnO single crystal layer among the laminated structures of a sapphire substrate / 
low-temperature growth ZnO buffer layer / elevated-temperature growth ZnO single crystal layer which grew by the crystal growth 
approach by the gestalt of operation of the first of this invention — it is as a result of [ by law ] measurement. 

[Drawing 6] It is as a result of [ by PL measuring method of a ZnO single crystal layer ] measurement among the laminated structures 
of a sapphire substrate / low-temperature growth ZnO buffer layer / elevated-temperature growth ZnO single crystal layer which grew 
by the crystal growth approach by the gestalt of operation of the first of this invention. 

[Drawing 7] It is the rough sectional view showing the structure of the semi-conductor luminescence equipment (LED) by the gestalt of 
operation of the 2nd of this invention. 

[ Drawin g 8] XRC of the ZnO single crystal layer among the laminated structures of a sapphire substrate / low-temperature growth ZnO 
buffer layer / elevated-temperature growth ZnO single crystal layer which grew by the conventional growth approach — it is as a 
result of [ by law ] measurement. 

[Drawing 9] It is as a result of [ by PL measuring method of an elevated-temperature growth ZnO single crystal layer ] measurement 
among the laminated structures of a sapphire substrate / low-temperature growth ZnO buffer layer / elevated-temperature growth 
ZnO single crystal layer which grew by the conventional growth approach. 
[Description of Notations] 
A RS-MBE equipment 
C Control unit 
P Vacuum pump 
S Substrate 

I Chamber 

3 Substrate Electrode Holder 

3a Heater 

5 Thermocouple 

7 Manipulator 

II Port for Zn 

15 Zn Raw Material 
17 Knudsen Cell 
21 O Radical Port 
31 N Radical Port 

100 ZnO Substrate 

101 ZnO Buffer Layer (Low-temperature Growth ZnO Buffer Layer) 

105 ZnO Single Crystal Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 
301 Sapphire Substrate 

305 ZnO Layer Buffer Layer (Low-temperature Growth ZnO Buffer Layer) 

31 1 N Mold ZnO Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 

315 P Mold ZnO Layer (Elevated-Temperature Growth ZnO Single Crystal Layer) 

318 Insulator Layer 

321 1st Electrode 

325 2nd Electrode 
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[Drawing j] 
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[Drawin g 7] 
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